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$\mathrm{P}-125/10$ Hz, wave $\mathrm{l}\mathrm{e}\mathrm{n}\mathrm{g}\mathrm{t}\mathrm{h}=13\mathrm{c}\mathrm{m}$ ,
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. , ,
$u_{w}=\sqrt{2gx+u_{e}}$ , $\delta_{w}=1.2168\sqrt{\frac{4\iota_{w}x}{3u_{w}}}’$, $\theta_{w}=\sqrt{\frac{0\cdot 44\iota_{w}}{u_{\iota v}^{5\cdot 4}}\int_{0}^{x}u_{\tau i^{4}}^{4}dx}$, (1)
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3
, $x=0$ $x\geq 0$







$\mathrm{x}$ 0 $\sin$ cosine .
, .
$F_{\mathrm{S}}[f]( \alpha)\equiv 2\int^{\infty}f(x)\sin\alpha xdx,F_{\mathrm{C}}[f](\alpha)\equiv 2\beta_{0}^{\infty}f(x)\cos\alpha xdx$
, $\mathcal{F}_{s}^{-1}[f](x)=\frac{1}{\frac{\pi_{1}}{\pi}}\int_{0}^{\infty}f(\alpha)\sin\alpha xd\alpha F_{c}^{-1}[J](x)=I_{f(s)e^{st}ds}^{\infty}\mathrm{o}^{f(\alpha)\cos\alpha xd\alpha}’,,$ $\ovalbox{\tt\small REJECT}$ (2)
$\mathcal{L}[f](s)\equiv\int_{0}^{\infty}f(t)e^{-s\mathrm{t}}dt$ , $\mathcal{L}^{-1}[f](t)=\frac{1}{2\pi i}\oint_{a-i\infty}^{a+\mathrm{i}\infty}$
, $\mathcal{F}$ , $\mathrm{s}$ $\mathrm{c}$ sine, cosine .
, $\mathcal{L}$ . $F_{s}[f](\alpha)$ $[f](\alpha)$ , $\alpha$
.
, $\mathcal{F}$ .
$\mathcal{F}[f](\alpha)\equiv F_{\mathrm{C}}[f](\alpha)+\mathrm{i}\mathcal{F}_{S}[f](\alpha)=2\int_{0}^{\infty}f(x)e^{i\alpha x}dx$ (3)
40
2 . 1 ,
F 1 $[\mathcal{F}[f]]$ $\equiv$ $\frac{1}{2\pi}\int_{-\infty}^{\infty}F[f](\alpha)e^{-i\alpha x}d\alpha$
$=$ $\frac{1}{2\pi}\int_{-\infty}^{\infty}F_{\mathrm{C}}[f](\alpha)e^{-i\alpha x}d\alpha+\frac{i}{2\pi}-_{\infty}^{\infty}F_{s}[f](\alpha)e^{-i\alpha x}d\alpha$
$=$ $f_{\mathrm{C}}+f_{S}$ , (4)
2 ,
$\mathcal{F}_{p}^{-1}[F[f]]$ $\equiv$ $\frac{1}{2\pi}\oint_{-\infty}^{\infty}F[f](\alpha)e^{i\alpha x}d\alpha$
$=$ $\frac{1}{2\pi}\int_{-\infty}^{\infty}F_{\mathrm{C}}[f](\alpha)e^{i\alpha x}d\alpha+\frac{\mathrm{i}}{2\pi}$
$[f](\alpha)e^{i\alpha x}d\alpha$
$=$ $f_{\mathrm{C}}-f_{s}$ , (5)
$\mathrm{z}$
$f_{\mathrm{C}}$ $f_{\mathit{3}}$ $x\geq 0$
$f_{c}\equiv F_{\mathrm{c}}^{-1}[F_{\mathrm{C}}[f]](x)$ $f_{\mathrm{S}}\equiv F_{S}^{-1}[\mathcal{F}_{s}[f]](x)$ . (6)
. , .
$F_{\mathrm{C}}[f](-\alpha)=F_{c}[f](\alpha)$ , $F_{\mathit{8}}[f](-\alpha)=-F_{\mathit{8}}[f](\alpha)$ (7)
, $F_{s},$ $F_{\mathrm{c}}^{-1}$ $F_{s}^{-1}$ , (6) $f_{\mathrm{C}}=f$ $f_{s}=f$ ,
, (4) (5) , $2f$ 0 , , $f,$ $2$
sine cosine .
1 , sine cosine .
sine
$f(x)=F_{s}^{-1}[ \mathcal{F}_{\mathit{8}}[f]]=\frac{1}{\pi}\int_{0}^{\infty}\mathcal{F}_{S}[f](\alpha_{I})\mathrm{s}i\mathrm{n}\alpha_{I}xd\alpha_{I}$ (8)
cosine , , $x$ $\alpha_{I}$
$F_{C}[f]$ $=$ $\frac{2}{\pi}\oint_{0}^{\infty}(\int_{0}^{\infty}F_{\mathrm{S}}[f](\alpha_{I})\sin\alpha_{I}xd\alpha_{I})\cos$ax $dx$
$=$ $\frac{1}{\pi}\int_{0}^{\infty}F_{B}[f](\alpha_{I})[\frac{\cos(\alpha-\alpha_{I})x}{\alpha-\alpha_{I}}-\frac{\cos(\alpha+\alpha_{I})x}{\alpha+\alpha_{I}}]_{x=0}^{xarrow\infty}.d\alpha_{I}$. (9)
. $f(x)$ $xarrow\infty$ 0 , $F[f](\alpha)$ $\alphaarrow\infty$ 0 . ,
$\alpha_{I}=\alpha$
$\frac{2}{\pi}I_{0}^{\infty}(\int_{\alpha-\epsilon}^{\alpha+\epsilon}F_{s}[f](\alpha_{I})\sin\alpha_{I}xd\alpha_{I})\cos\alpha xdx$
$\approx\frac{\epsilon}{\pi}F_{s}[f](\alpha)\int_{0}^{\infty}\sin\alpha x\cos\alpha xdx$ , (10)




sine cosine , $F_{S}$ .
$\mathcal{F}_{s}[f](\alpha)=\frac{2}{\pi}\int_{0}^{\infty}F_{c}[f](\alpha_{I})\frac{\alpha}{\alpha^{2}-\alpha_{l}^{2}}d\alpha_{I}$. (12)
sine, cosine 2 , 1 (4), (5)
1 (11) (12) .
, .
32 $F$
(3) $\alpha^{-1}$ , , .
$F[f](\alpha)$ $=$ $2f_{0}^{\infty}f(x)e^{i\alpha x}dx$
$=$ $- \frac{2}{\mathrm{i}\alpha}f(\mathrm{O})-\frac{2}{i\alpha}\int_{0}^{\infty}f’(x)e^{\mathrm{i}\alpha x}dx$
$=$ $2 \frac{-1}{i\alpha}f(0)+2(\frac{-1}{i\alpha})^{2}f’(0)+2(\frac{-1}{i\alpha})^{3}f’’(0)+\cdots$ , (13)







$\frac{\partial Y}{\partial t}+\frac{\partial Y}{\partial x}-v=0$ , $\frac{\partial v}{\partial t}+\frac{\partial v}{\partial x}-4\epsilon^{2}\frac{\partial^{2}Y}{\partial x^{2}}=0$ , (14)
, $Y$ $v$ $x$ . $x$ 1




$-4\epsilon^{2}(-\alpha^{2}\mathcal{L}[F[Y]]+2i\alpha \mathcal{L}[Yb]-2\mathcal{L}[Y_{xb}])=0$ , (15)
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$D(s, \alpha)=\{s-\mathrm{i}(1-2\epsilon)\alpha\}\{s-\mathrm{i}(1+2\epsilon)\alpha\}$ . (17)
(16) $\ovalbox{\tt\small REJECT} \text{ }$ $\text{ }\Rightarrow \mathrm{f}\mathrm{J}$ . (16) $v$
$Y$ $F$
, \S 3.2 $x=0$ . , , i.e.,
$F_{c}^{-1}[\mathcal{F}_{\mathrm{c}}]=F_{s}^{-1}[\mathcal{F}_{s}]$ , , , (5) ,
$F_{p}^{-1}[F[v]]=0$ , $F_{p}^{-1}[\mathcal{F}[Y]]=0$ , (18)











$+ \frac{1}{2\pi}\oint_{-\infty}^{\infty}(\frac{1}{2}F[Y_{I}](\alpha)-\frac{\mathrm{i}}{4\epsilon\alpha}F[v_{I}](\alpha))e^{i\alpha\{x\ell+(1+2\epsilon)t\}}d\alpha$ . (20)
, $\ell$ , $P$ $m$ , $x_{p}=x;x_{m}=-x$ .
, $f$ .
$\oint_{0}^{t}d\tau\int_{-\infty}^{\infty}f(t-\tau)e^{i\alpha(x+a\tau)}d\alpha$ $=$ $2\pi f_{0}^{t}f(t-\tau)\delta(x+a\tau)d\tau$
$=$ $\{$
0 $- \frac{x}{a}<0$ or $- \frac{x}{a}>t$ ,
$2 \pi\frac{f(t+x/a)}{|a|}$ $0<- \frac{x}{a}<t$ .
(21)
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$2\pi f(-x-at)$ $x<-at$ .
(22)
, $\epsilon\leq 1/2$ , $F_{p}^{-1}[\mathcal{F}[v]]=0$ $\mathcal{F}_{p}^{-1}[F[Y]]=0$
. , $\epsilon\geq 1/2$ .
332 Dilational $\ovalbox{\tt\small REJECT}$
$\frac{\partial Y}{\partial t}+\frac{\partial Y}{\partial x}+\frac{\partial v}{\partial x}=0$ , $\frac{\partial v}{\partial t}+\frac{\partial v}{\partial x}-\epsilon^{2}\frac{d^{\prime 3}Y}{\partial x^{3}}.=0$ , (23)
$Y$ $v$ , $x$ (23) $F$
$s\mathcal{L}[F[Y]]-F[Y_{I}]-\mathrm{i}\alpha \mathcal{L}[F[Y]]-2\mathcal{L}[Y_{b}]-i\alpha \mathcal{L}[\mathcal{F}[v]]-2\mathcal{L}[v_{b}]=0$ ,
$s\mathcal{L}[F[v]]-F[vI]-\mathrm{i}\alpha \mathcal{L}[F[v]]-2\mathcal{L}[v_{b}]$
$-\epsilon^{2}(\mathrm{i}\alpha^{3}\mathcal{L}[F[Y]]’+2\alpha^{2}\mathcal{L}[Yb]+2\mathrm{i}\alpha \mathcal{L}[Y_{xb}]-2\mathcal{L}[Y_{xxb}])=0$ . (24)
, 0 . ,
$\mathcal{L}[Y_{b}]=\frac{A_{Y_{b}}}{s-\mathrm{i}\omega}$ $\mathcal{L}[Y_{xb}]=\frac{A_{Y_{xb}}}{s-i\omega}$ $\mathcal{L}[Y_{xxb}]=\frac{A_{aY_{exb}}}{s-i\omega}$ , $\mathcal{L}[v_{b}]=\frac{A_{v_{b}}}{s-i\omega}$
$F[Y_{I}]=0$ , $F[v_{I}]=0$ . $(2_{\mathrm{J}}^{r})$
(24) (25) , .
$\mathcal{L}[F[v]]=\frac{-\{s+i\alpha\{1-\epsilon^{2}\alpha^{2})\}A_{v_{b}}-\epsilon^{2}s\alpha^{2}A_{Y_{b}}+\mathrm{i}\epsilon^{2}\alpha(s+\mathrm{i}\alpha)A_{Y_{xb}}+\epsilon^{2}(s+i\alpha)A_{Y_{xxb}}}{(s-i\omega)D(s,\alpha)}$
$\mathcal{L}[F[Y]]=\frac{-sA_{v_{b}}-(s+\mathrm{i}\alpha-\mathrm{i}\epsilon^{2}\alpha^{3})A_{Y_{b}}+\epsilon^{2}\alpha^{2}A_{Y_{x6}}-\mathrm{i}\epsilon^{2}\alpha A_{Y_{xxb}}}{(s-i\omega)D(s,\alpha)}$, (26)
$D(s, \alpha)=\{s+\mathrm{i}\alpha(1-\epsilon\alpha)\}\{s+i\alpha(1+\epsilon\alpha)\}$ . (27)
, $s=-i\alpha(1-\epsilon\alpha),$ $-i\alpha(1+\epsilon\alpha)\ i\omega$ ( 315
44
). $F_{p}^{-1}[\mathcal{L}[F]]$ $F_{m}^{-1}[\mathcal{L}[F]]$ .
$F_{\ell}^{-[perp]}[F[v]]$
$=- \frac{1}{2\pi i}\int_{-\infty}^{\infty}\frac{(\epsilon^{2}\alpha^{3}-\alpha-\omega)A_{v_{b}}-\epsilon^{2}\omega\alpha^{2}A_{Y_{b}}+\mathrm{i}\epsilon^{2}\alpha A_{Y_{xb}}+\epsilon^{2}(\alpha+\omega)A_{Y_{xxb}}}{(\epsilon\alpha^{2}-\alpha-\omega)(\epsilon\alpha^{2}+\alpha+\omega)}e^{i(\alpha x\ell+\omega t)}d\alpha$
$+ \frac{1}{2\pi i}\oint_{-\infty}^{\infty}\frac{-(1-\epsilon\alpha)A_{v_{b}}+\epsilon\alpha(1-\epsilon\alpha)A_{Y_{b}}+i\epsilon^{2}\alpha A_{Y_{\mathrm{z}b}}+\epsilon^{2}A_{Y_{xxb}}}{2(\epsilon\alpha^{2}-\alpha-\omega)}e^{i\alpha\{x\ell-(1-\epsilon\alpha)t\}}d\alpha$
$+ \frac{1}{2\pi i}\oint_{-\infty}^{\infty}\frac{(1+\epsilon\alpha)A_{v_{b}}+\epsilon\alpha(1+\epsilon\alpha)A_{Y_{b}}-\overline{\iota}\epsilon^{2}\alpha A_{Y_{xb}}-\epsilon^{2}A_{Y_{xx\mathrm{b}}}}{2(\epsilon\alpha^{2}+\alpha+\omega)}e^{i\alpha\{x_{l}-(1+\epsilon\alpha)b\}}d\alpha$, (28)
$F_{\ell}^{-1}[F[Y]]$
$= \frac{1}{2\pi i}\int_{-\varpi}^{\infty}\frac{\omega A_{v_{b}}-(\epsilon^{2}\omega\alpha^{3}-\alpha-\omega)A_{Y_{6}}+i\epsilon^{2}\alpha^{2}A_{Y_{xb}}+\epsilon^{2}\alpha A_{Y_{xxb}}}{(\epsilon\alpha^{2}-\alpha-\omega)(\epsilon\alpha^{2}+\alpha+\omega)}e^{i(\alpha x\ell+\omega t)}d\alpha$
$+ \frac{1}{2\pi \mathrm{i}}\oint_{-\infty}^{\infty}\frac{(1-\epsilon\alpha)A_{v_{b}}-\epsilon\alpha(1-\epsilon\alpha)A_{Y_{b}}-\mathrm{i}\epsilon^{2}\alpha A_{Y_{\mathrm{z}b}}-\epsilon^{2}A_{Y_{xxb}}}{2\epsilon\alpha(\epsilon\alpha^{2}-\alpha-\omega)}e^{i\alpha\{x_{\ell}-(1-\epsilon\alpha)t\}}d\alpha$
$+ \frac{1}{2\pi i}\int_{-\infty}^{\infty}\frac{(1+\epsilon\alpha)A_{v_{b}}+\epsilon\alpha(1+\epsilon\alpha)A_{Y_{b}}-i\epsilon^{2}\alpha A_{Y_{xb}}-\epsilon^{2}A_{Y_{xxb}}}{2\epsilon\alpha(\epsilon\alpha^{2}+\alpha+\omega)}e^{i\alpha\{x_{t}-(1+\epsilon\alpha)t\}}d\alpha$
$(29^{\backslash }$,
$+ \frac{[perp]}{2\pi i}J_{-\infty}--\frac{([perp]+\epsilon\alpha)A\mathrm{q}_{v_{b}}\mp\epsilon\alpha\backslash [perp] \mathrm{T}\mathrm{e}\alpha_{\mathit{1}^{A\mathrm{a}}Y_{b}}-\iota \mathrm{c}\iota xarrow Y_{xb}-\mathrm{c}\mathrm{r}_{Y_{xxb}}}{2\epsilon\alpha(\epsilon\alpha^{2}+\alpha+\omega)}.e^{i\alpha\{x_{t}-(1+\epsilon\alpha)t\}}d\alpha$
(29)
(28) (29) , .
$\alpha=\alpha_{s}\equiv\frac{1\pm\sqrt{1-4\epsilon\omega}}{2\epsilon},$ $- \frac{1\pm\sqrt{1+4\epsilon\omega}}{2\epsilon}$ . (30)
, (28) , , $tarrow\infty$ , ,
(stationary phase) (steepest descent), .
, (28) (29)
$\alpha\{x_{\ell}-(1\pm\epsilon\alpha)t\}=\mp\epsilon t\{(\alpha\mp\frac{x_{l}-t}{2\epsilon t})^{2}-(\frac{x_{\ell}-t}{2\epsilon t})^{2}\}$ , (31)
,
$\beta=\alpha\mp\frac{x_{i}-t}{2\epsilon t}$ , (32)
, (28) (29) .
$\int_{-\infty}^{\infty}f(\beta)\frac{e^{i\mu\beta^{2}}}{\beta-\beta_{s}}d\beta$ (33)
, $f$ , $\beta_{s}=\alpha_{S}\mp(x\ell-t)/2\epsilon t$ $\beta$ , , $\mu=\mp\epsilon t$ . $tarrow\infty$
. 315 (33) \mu \geq 0&\mu $\leq 0$
.
$i\mu\beta^{2}=i\mu(\beta_{r}+i\beta_{i})^{2}=-2\mu\beta_{r}\beta_{i}+\mathrm{i}\mu(\beta_{T}^{2}-\beta_{i}^{2})$ , (34)
, $\beta_{r}=\pm\beta_{i}$ , $\beta_{r}=\beta_{i}$ for $\mu\geq 0$ , $\beta_{r}=-\beta_{i}$ for $\mu\leq 0$
. ,
$\int_{-\infty}^{\infty}f(\beta)\frac{e^{i\mu\beta^{2}}}{\beta-\beta_{\mathrm{S}}}d\beta$
$=$ $\{$ $\int_{-\infty}^{\infty}f((1+i)\beta_{r})\frac{(1+i)e^{-2\mu\beta_{r}^{2}}}{\frac{(1+i)\beta_{T}-\beta_{s}(1-i)e^{2\mu\beta_{7}^{2}}}{(1-i)\beta_{r}-\beta_{s}}}d\beta_{r}+i\pi f(\beta_{s})e^{\mathrm{i}\mu\beta_{\mathrm{S}}^{2}}sign(\beta_{s})\int_{-\infty}^{\infty}f((1-i)\beta_{r})d\beta_{r}-i\pi f(\beta_{s})e^{i\mu\beta_{\mathit{8}}^{2}}sign(\beta_{s})’$
,
for $\mu\geq 0$ .
for $\mu\leq 0$ ,
(35)
45
$\beta_{\mathit{3}}$ . (35) ,
$\beta=\beta_{s}$ . .
$\oint_{-\infty}^{\infty}f((1+i)\beta_{r})\frac{(1+\mathrm{i})e^{-\underline{9}}\mu\beta_{r}^{2}}{(1+\mathrm{i})\beta_{r}-\beta_{\mathrm{S}}}d\beta_{r}$
$\approx-\frac{(1+i)f(0)}{\beta_{s}}\oint_{-\mathrm{m}}^{\infty}e^{-2\mu\beta_{r}^{2}}d\beta_{r}=-\frac{(1+\mathrm{i})f(0)}{\beta_{\mathrm{S}}}\sqrt{\frac{\pi}{2\mu’}}$ for $\muarrow\infty$ ,
$\oint_{-\infty}^{\infty}f((1-i)\beta_{r})\frac{(1-i)e^{2\mu\beta_{r}^{2}}}{(1-\mathrm{i})\beta_{r}-\beta_{\mathit{3}}}d\beta_{r}$
$\approx-\frac{(1-i)f(0)}{\beta_{s}}\int_{-\infty}^{\infty}e^{2\mu\beta_{r}^{2}}..d\beta_{r}=-\frac{\langle 1-i)f(0)}{\beta_{\mathrm{S}}}\sqrt{\frac{\pi}{-2\mu’}}$ for $\muarrow-\infty$ , (36)
, $\beta=0$ . , (28) $x\ell/t=const$ . $tarrow\infty$ ,
(36) $F_{\ell}^{-1}[F^{\mathrm{r}}\lfloor v]]$ $F_{\ell}^{-1}[F[Y]]$ 0 ,
. , $F_{\ell}^{-1}[F[v]]$ $\mathcal{F}_{\ell}^{-1}[F[Y]]$ $tarrow\infty$ .
$f_{-\mathrm{m}}^{\infty} \frac{f(\alpha)}{\alpha-\alpha_{\mathit{3}}}e^{i\psi(\alpha)}d\alpha\approx\pi i\sum_{\alpha_{\theta}}f(\alpha_{s})e^{i\psi\langle\alpha_{s}\rangle}sign[\psi_{\alpha\alpha}(\alpha_{0})(\alpha_{s}-\alpha 0)]$ , for $tarrow\alpha 3$ (37)
, $\psi$ , $f$ , $\alpha_{0}$ $\alpha$ $\psi_{\alpha}=0$ . $\alpha_{s}$ , $\epsilon\omega\leq 1/4$
, : $\mathcal{F}_{p}^{-1}[F[v]]=0$ $F_{p}^{-1}[F[Y]]=0$ , $x\leq\sqrt{1-4\epsilon\omega}t$
.
$\frac{4\omega}{1+\sqrt{1-4\epsilon\omega}}A_{v_{b}}-2\omega A_{Y_{b}}+i(1+\sqrt{1-4\epsilon\omega})A_{Y_{xb}}-2\epsilon A_{Y_{xxb}}=0$,
$\frac{4\omega}{1+\sqrt{1+4\epsilon\omega}}A_{v_{b}}-2\omega A_{Y_{b}}+\mathrm{i}(1+\sqrt{1+4\epsilon\omega})A_{Y_{xb}}+2\epsilon A_{Y_{xxb}}.=0$. (38)
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